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FURFOSE 


The purpose of this investigotion fe: (1) to 
cevelop a plen for the effective determination of appli- 
cability of the MacAdem ellipses to smell eclor differences 
in textile samples; (2) to determine the limita of chrome- 
ticity pereeptibility of the human eye to small color 
differences in wool textile samples; and (2) to establish 
a basis for the graphic apecifiecetion of color tolerences 


| in textile semples. 











THEORY 


introduction‏ م۸ 
As a result of the adoption of the standard‏ 


observer and 9 set of three primerics by the I.0.i. in 
1931, it has boen possible to speeify colora setisfec- 
toriiy in this systen!, This specification alone is not 
sufficient to denote the least perceptible 81 
between color A, whose coordinates ere x, y, end Y, 0 
color B, whose coordinates ars (x+ Ax), (y+ ay), and 
(Y + AY). 

A survey of previous investigations into the 
problem hes boen mede by Davidson”, Be describes the 
Classes of deta previously accumuleted end points out the 
need for further Gets on the sensitivity of the eye to 
smell color differences of surface colors under common 
viewing conditions. His ¿investigation was intended per- 
tially to fulfill that need. This perper, also 1s intended 
to provide data to that end. 

Sines color cen be specified by a series of 
eoordinates, it follows that there should be a meens of 


specifying color tolerences in these coordinates, A meens 





of color tolerence specification is definitely needed, 
But 1f this color tolerance epecifleation ts to heye any 
meaning, if it is to have sny prectíosl use, it must be 
based on a sound interpretation of fect. It must not be 
en arbitrary specification. In order to remove it from 
the reelm of the erbitrary, the sensitivity of the eye, 
under common viewing conditions, must be considered, 
Obviously, it is not necessary to set the specifications 
closer then sen be seen by the eye under common viewing 
conditions. This would necessitete super-control and the 
attendant increase in cost. On the other hend, It would 
be folly to set the specification so far removed thet it 
could easily be detected by the eye under com:on viewing 
conditions. 

The need for a colcr tolerance specification is 
as necessary au the need for dimensional specifications 
in the mechine tool industry, It could well be common 
practice in the future for textile fabric contracts to 
contain color telerance specifications, much the same as 
they are included in other industriel contracts toósy, 

It will be 5s greet setisfection for purchaser 
eng menufacturer slike to be sure of their ground when 
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entering into © contract. The manufacturer will have no 
fear that the fabric he shires will be rejected as “shady 
goods” or off color, as long es he hes assured himself thet 
the color tolerance specification hes been mety and, if 
necessary, he can prove kis peint, By the same token, the 
purcheser cen rest assured that the fabric he buys will 
most tho specifications, cr it ean definitely be rejected 
with no peint for argument. 

No longer should it be necessary for the pur- 
chaser to depend on the semple cf the color he gends to 
the mill and run the risk of its fading or becoming soiled 
in kencling, to alter the color of the finished preduct. 
The specification may be sent by lettor, by telogrsph, or 
by telephone with complete assurance, However, until the 
time when ell doubt regarding the cclor telerance specifl- 
Cation has been removed, the mill will want a semple to 
work with, in addition to the specification. Subsequent 
moasurements will surely reveel whether or not the 
"stendarö" has changed in time, The semple cen elways be 
useá in getting the desired color within range of the 
small color Gifference concept. 

The following is e peragreph quoted in part from 
e 


e paper by Macidem?; 


eve 








"The measurement and specification of color ls e 
well established technique, Color specifications 
reveal whether or not two sources radiating dife 
ferent spectral distributions eppeer to have the 
seme color, for the average human observer, ۱ 
Simiisrly, the colors of reflecting materiele 

are specified in e manner which incicatea immed- 
lately whether or not severel samples heving 
aqdifferent spectral reflectance characteristics 
eppeer slike under certein cenditionsa of 
filumination., These specifieationa give precise 
meaning to colcr standerds. The specification 
of color stendarés cen be recorded, end can be 
communicated, in the form of quantitative 

values whieh ere repreducible at will in ell 
edequstely equipped laberateries. Color stan- 
darde need ne longer be depencent upon the 
preservation of materiel ssmples of questionable 
permanence, ” 


It must also be noted that until the time «nen a 
color tolerance specification is established there will be 
continued confusion between the terms “pereceptibility" end 
"acceptability". There will be, as well, a tendeney toward 
convenient substitution of one for the other, as the case 
may require, It ís importent to note thet in theory, per- 
ceptibility is the only concept upon which to base a color 
tolerence specificetion*, However, in practice, scecepta- 
bility is the zuide. This results in a situation where 
the idiosyncracies of the purchaser must be taken into 
account in obteining e "setisfactory eclor match". In the 


cases where theses prejudices are not known, doubt exists. 
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Where they are known, 1t meens that a myriad of individual 
"standearde” must be considered, In ceso it is not possible 
to obtain a meter, the specification may have tc be chenged 
to meke a pleasing mis-mateh acceptable. 

it. is, no Gonbt, true that the percertib111ty 
limits sre smaller than the aeceptability limits. Yet it 
is on the basis of perceptibility limite which we must seek 
the color toleranee specification, for it will be some 
fraction cf e11 acceptability standsrds. It will also 
define the snellest limit whieh we need speelify, One® 
the percoptibility limit is established, eny size of 
ecceptability limit mey be set with full knowledge of what 
lt means, 

De Le Mechdamb published a ecmprehensive study 
of visuel sensitivity to eclor differences besed on a 
large volume of date. tis measurements were made at con- 
stent ivminosity, enabling him te represent grephically 


the small color differences as a planar a 


* 


uantity, chrcosa- 
ticity. He concluded from an analysis of these data that 
en aroa in the shape of a ellipse ebout a given point on 
the chromaticity Clagram would include all the chromaticity 
points which were indistinguisheble frem the point at the 











center of the ellipse, The size of the ellipsse, their 
eccentricities an their orientation varied from region to 
region on the chromaticity trisnglo. A grephical represen- 
tation of twenty-five such ellipses vas shown in that 
paper. Silberstein®, in e theoreticel study, confirmed the 
fact thet the data should be eliipticel when plotted. 

At ea later dete, MacAdam" published e paper 
which developed the idea that there wee a system to the 
ellipses, es might be inferred from the graphicel represen 
tation of tho twenty-five ellipses on tke chromaticity 
dlagrem. As a result of that work, it is no longer 
necessary to extrapolate graphically arong the twenty-five 
ellipsos to find the sise end shepe of the ellipse at any 
desired point on the chromaticity diegrem. 

By meone of three econtour-like diagrans, it is 
possible to obtain three constants which, when substituted 
into the following ecuetions, yield: (1) the length of 
the semi-major exis, (2) the length of the semi-minor exia, 
and (3) the angle of inclinetion of the mejor axis of the 
ellipse to the horizontal for nny desired point on the 
chromaticity diagram. 
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This might at first appear to be a comploto نی‎ 
tion to the problem, On the basis of these date and upon 
the conclusions drawn from it, wo should heve e true color 
tolerance apecifiecation. However, ít must be remembered 
thet this is only the first step, that these measurements 
were mede under ideel viewing conditions, that beams of 
light were used for comparison, en extremely limited 
epplication, and not surface reflecting semples, Further, 
a emell field (2°) was used, and Wright stetes that äis- 
eriminstion is inversely proportional to field sizes In 
other words, the smeller the fisid, the larger the detso- 
table difference, However, it should be propertional 
throughout the spectrum. 

hat remains to be done is to apply, if possible, 
Κδολόαπ date to other ficlds, partieulerly to the field 
of surface reflecting materiels, and specifically to 


surface reflecting textile materials. 
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In atill another peper by Brown end MacAdem?, tne 
investigation was carried to the three dimensional aspect 
of the visual sensitivity to combined chromaticity and 
luminosity differences, Eventually, the problem at hand 
muet be considered in this respect, but in this investiga- 
tion in order to use KacAdsm's data, restricting the 
variations to the plane of the ehrometicity diagrem was 
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B. Stetement of the Problem 

The problem stated simply is thie: Can the 
vísusl sensitivity to chromaticity es eeteblished by the 
Machtiem papers be used in practiesi applications to the 
color differsnee problems occurring in wool dyeings end 
blenda? 

In order to answer this question, en experiment 
must be devised to supply measurement data sufficient in 
seopo to support e general conclusion, Certain steps are 
required to conduct the experiment to the cesired end. 
Those sre: (1) to obtain a supply of semples, (£) to have 
& noens of measuring the semples, (5) to provide a meens of 
visually judging the semples, and (4) te make an interpreta» 
tion of the date, 

As regards the first step, the supply of semples, 
there sheulc be a sufficient munber to approach the prob» 
lem with soms statísticsl surety, They should be made 
easily and quickly. The testa, in effeat, are "destructive" 
since the samples must be amnall enough to be inserted in 
the speotrophotemster end also emall enough to be handled 
in quentity by the judging eolorísts, There must be a 
moans of varying the chromaticity es desired and holding 
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the luminosity constant. They should be fast to light. 
They should be self shedes, close enough to one enother so 
that the difference in color can be classed as e. smell 
color difference. 

As regards tho seeond step, a means of measuring 
the semples, first consideration must be given to the | 
eyatem of ecordinates best suited, Fortunately, tho 
system of coorcinates which is most adaptable is that of 
the International Commission on Illumination, Since a 
greet deal of the basic work has been gone in this system, 
together with the fact thet the recording spectro¡hotometer 
is a most accerteble measuring device which produces 
answers in this system, the I G.I., system and the record- 
ing spectrophotomoter are voll suited as the moans of 
measuring and designating the colors. 

As regards the third step, a means of visually 
judging the sımples, a “stenderd observer" is needed whose 
judgments exe canpletely objective, but the "standard 
observer" 1s unavsileblo, Therefore, some approximetion | 
to the "stender observer" must be made. A group of 
eolorists shoulä be available to Judge the samples. They 
ehouls judge the samples in such e way sa to minimize 
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personal prejudices, The viewing conditions should be 
standeräized,  Eaoh semplo should bo jucged a number of 
times end the sequence should be randomized. 

As rogerds the fourth step, en interpretation of 
date obtained under steps two enà threes, a correlation or 
lack of correlstíon between tho two sets of data must be 
sought. This correlation must be epproached from a 
statiatical viewpoint. 
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A satisfactory supply of semples mey bo obtained 
by padding worstec tep.e in this manner any desired 
number mey be mede quickly end easily. No asffieult is 
encountered due te the "destructive" nature of the 
requirements beesuse the semples are mede for the purpose 
of the tests only. The top may be dyed to any color 
whose region on the chrousticity Alagrem it is desired te 
investigate, bearing in mind the fact that present known 
dyestuffs de not eover the chromaticity diagrem completely 
Self shede dyeings may be made, of which eny blenc ۵ 
may bo mede, This gives ocnsiderabie letitude in selete 
ting semples of simost ony desired chromaticity, And it | 
49 assumed for the present that the samplos so preperod 
Will be of very nearly oquel luminosity. This method 
seems to fuifi11l the requirements as set forth in the 
atatenent of the problem, that the color differences 
obtained may be cinszed as smell coler differences. 

The means of measuring the samples end Cdosigna- 
ting them in the 1.0.1. system is adequately provided in 
the General Flectric recording speetrophotometer”, 
equipped with a GAF librascope tristimulus integretori?, 
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It poses no reel problem for it is reletively simple te 
operate, The meesurement eyvele io started and when it ia 
finished the tristimilus velues X, Y, and 2 sre reed 
directly from tke integratcr. The brightness or luminosity 
Vaius is given cirestly es ¥. The trichrmuntic coeific- 
ionte x nnd y ere obteined by simple calculations from 
the following reletienshipas x & en and 

9 nn, All thet remains to complete thie part of 
the experiment is to plot the chrometicity velves on en 
expended (lergs sesle) portion of tho ebromnticity 
Giaprem, 


The moens of judging the semples la relativoly | 


more dílificult in thet 1t requíiros the timo of tho oclor- ظ‎ 
lata aná a recorder to determine end tabulate the data. A 
systems aimiler to the one euzgseted by Davidson? soes 
eatisfactory. It involves having the eolorists judge each 
sample relative to thet sample arbitrarily designeted as 
the etanderd. Each semple is judged three times non-con~ 
secutively and at rendom., Tho colorist is asked to say 
whether the sample in question 1s rezerded by him as 
brighter, duller or a match in brightness; redder, 


greener, bluer, yellower, cr e meteh in hue; wosker, 
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etronger, or a mateh in strength. This method follows 
elosely the commen practice smong commeretal textile 
eolorists, A point in question is whether or not these 
faetors--brightness, hue, and strengthe~are the countere- 
parts of the IL,C.l. aystem factors--1uminanee, dominant 
wave length, and purity. The difference is a aubtle one, 
being thet the former are sensations which eannct be 
móasured end the latter three sre oolled paychophysical 
measurements which can be obtained by means of the spectro- 
photometer end the “atenderá observer”. For the purposes 
of this work, it is asewmed thet there is a. correlation 
among the terms. In further writing this point will be 
Giseussed in more detail, 

Five or more individual coloristsa should be 
asked to contribute this information, it must be collected 
end analyzed steatiatiselly in order to arrive at a single 
evaluation for each semplo», “ho stetisticel consensus 
is teken to be the deeision of the “stendard observer", 

The interpretation phase of the experiment cone | 
sists of plotting the chromaticity of each semple on the 
chramaticity Alagrem, cenetructing the MacAdam ellipae for 
the chromaticity point of the stenderd from velues 
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obteined from the equetions described serlior, Thie 
divides the points into two groups-«-those lying inside and 
those lying outside of the ellipse, The stenderd ۱ 
observer's decision alec will have divided the dete into — 
two greupse-those samples which match the stendard end 
those which do not. 

This gives rise to four possible eituations, | 
First, that ell the points inside the ellipse ere judged 
to bo a meteh in chrometicity and ell the points outside 
the ellipse ero judged to be not a mateh in chrometicitys | 


Second, that all points inside the ellipse and seme out. 


pointe outside and seme inside sre judged to be not a 
| 


I 
f 
۱ 
| 


side the ellipse area judged to be a match, Third, that ali 
match. Fourth, thet there is an indiseriminate ¿latribu- 


tien of matchos and non-matches, that is, some points 


inside end some outside are judged to be e mateh while 





some points inside and some outside sre judged to be not a 
match, 

If the first case is found te be the fact, then 
there is some correlation and the MacAdem ellipse es cal 
culated may be used as tho limit cf pereeptibility for 
textile samples made from wool. If case two is found to be 
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the fect, the ellipse may hevo to be enlarged, If case 
three is found to be the fact, the ellipse may have te be 
mede smailor, Or if case fouris found te be the fact, 
then there may be no correlation end the ellipse theory 
may have tc be set aside for this perticuler purpose, 











Since vory little work has been published on this 





specific problem to date, the firat experiments must 
necessarily be in the form of limited feasibility tests, 
Therefore, it wee decided to limit the scope of the 
experiment to a study of textile samples made ol wool, 
The type of samples Gascribed herein have several adven- 
tages over typos used in previous experimenta. The dyed 
awatches used by Davidson“ seem to be more difficult to 
obtain in quentity and in the desired chrometicity, 
Variables in dyeing ehould prove to be s hinórence, The 
somples used by Seottl were taken, as avollsble, from ZI 
files of en inspection depertment. There was no choice | 
as to number of semples nor as to the ehremeticity. The 
permanente of chsracteristios of these semples is question. 
&ble due to the length of time they may bave beon in the 
filos. see Figure VII. 

The proposed method is not without ite limita- 
tions, however, For exemple, the assumption that two self 
shades of 0.75% and l» dye on the weight of stock would 


give e satisfectory spread of chromatici#ies wan dis- 


proveá because the points occurred too far apart on the 
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ohromatieilty dingrem, The remedy, of course, ves to meke | 
the dyo concentrations closer together, 

Even efter the dye strengths were brought closer 
together, it was fount thet pedes made entirely ef only one 
Shas cf the dye were giving a considerable distribution 
of chromaticities., There was no known way of controlling 
these chrometicitios and thoy had to be secepted as thoy 
were, since the ped making procedure hed been standardized 
es far as possible, | 

Regarding blends of the shades, it ras thought 
thet the locus of chromaticity points showlé proseed in a 
feirly straight line from 100% shade A to 100% shece B, a 


relstively short distence, depending upon the percentages 

ef each shade used for a perticuler osmplo, Thia preved 

to be the case for the first serios of orange peda. owe 

ever, when it wee tried to cbtain chrematicity points 1n 

betwoen two points already plotted, those points positioned 

themselivos below tho originel locus of points and were out 

ef the sequence ehich might be expected from the percen- 

tages of Bach shade meking up the samples. Seo Figure V, 
The dyed stock wes inadvertently left exposed 

to light in the laboretory betweon tho first and second 
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series of pads, It is believed that tho stock faded during 
this time, scerunting for tho displacement of the points 
below the original leeus of points, The verísneo due to Ἢ 
the ped making mey explain why the points cecurred out of 
sequence, It ia poesible that one ped cbtained the mari- 
wum verience to the right while the adjacent one obteined 
the maximum variance te the left, and ee a result they mea 
apperently interchanged in position, None of the orange 
samples were put to the colorists! test phase of the 
experiment because there were not enough samples in the 
first series whose chremeaticitios were in the most desire 
able positions relative to the standard and, therefore, 
relntive to the Machdem ellipsas constricted around it, 

The obvious fading of the stoek preeluded any confidence 

in results subsequently obteined, It was, therefrors, 
decided to set neice this work in order to incorporato the 
intelligence obtained into tho next series of samples of 


enother colors See Figure VI for construction of ellipse 


and plot of points. 
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Ae Hexins ibs ösmpies 
Raw materials 
Weight of top each dyeing: 
Dre: 


Weight of esch semple: 
Blondings 

Pulling Solutions 
Pedcing Mechines 


Padding times 


Washing end drying: 


Comporition of seach sample: 


The worsted top wes washed in Naccanol. 


64's Yorated Top 
£5 grens 


(1) Milling Fast Orange, 
0,755 and 1,0% Strength 

(2) Palatino Fast Blue GSN, 
0,755 and 0,00% Strength 


1,5 grans total 
Hand Card 


£7.05 græns Golgate's 410 
sorp and 15.0 grems of 8 
ash per liter of water 


te6 sketch following 


û = 6 minutes per side - 
Average time 4 minutes per 
side - Use 10 ce of fulling 
solution per pea, plus a 
nell. amount of hot water 


fasheó with eccl water by 
hand = preazed excess mois= 
ture out by hand in towel « 
“ried eompletely on a hot 
head press set to the tem- 
perature for wool 


See chart following and 
Piguro I, 
One 5 


grem lot was dyed with 0.75% of orange dye on the weight of 


«94. 
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stock and another £& grems with 1,07 crange dye, The seme 
procodure ves followed throughout for the blue samples 
excopt that the dye strengths wera 0.75% and 0.90%, 

them dyeing was completed end the stock was Cry, 
it wes found to hevs been slightly felted or matted, due ۱ 
to the agitetion in the hot dye bath. The hand card wae 
used to open end dleentangle the fibers, The desired 
tmount of each of the two shedes of orange wes veighed out 
on a boem balance end blended on ths hená enrd, Snell 
tufts of each shade wore interspersed te start the blend- 
inz, followed by successivo cardiíingz cycles until the fibers 
beesme e hewmog^neous mess58, 

This blend of fibers was pleced in the redding 
machine together with lO ec of the fuiling soep desoribed 
above. The top weight wes inserted end the machine was 
turned on, Encugh het vater was added to keep tho weight 
rotating slowly in the onposite direction to that ef the 
eccentric. 

At the end of four minutes the mechino vas 
stopped, the ped was turned over and run agein for four 
minutes, ‘The ped was then removed, washed gently under = 


tep, pressed free cf excess water with e towel, and hot 
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pressed until it res completely dry. Esch semple wes 
marked and inserted in an evelopo to guerd against fading. 
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B. Megsuring the Samples 


Instrument; 


Description: 
Standard s 


Precautíons: 


ReS. Ps Curves: 
Calibratloni?; 


integrator: 


Galeulations: 


General Electric Recerding Spectro- 
photemeter with GAF librascope 
tristimulus integrator lceated et 
the Derby Compeny, Ine, Laboratory, 
49 Blanchard Street, Lewrense, 
Kessechusotts 


See Bibliography - (12) 
White vitrelite 


Sach semple was backed with another 
to make sure no light wee transe 
mitted through the semple - integra- 
ting sphere wes covered 


Ses sample curves following 


The curvo of a neutral Jena filter 
wes token et the beginning of each 
serios of measurements, to bo sure 
thet the instrument was ealibratod 
the seme on sach veresion 


The verience of the integrator 
weg enleulatsd from twenty suc- 
cesoivo monsurementas on tho samo 
emnple « tho resultas are show 
below 


(A) The tristimulus Values X, Y, end 
2 wore read directly fren the 
integrator at the ecempletion of 
the measurement cycle, The trie 
ehromatie eoefficients x and y 
were esiculatod from قطنا‎ 
folloving formulas: 


و 
α‏ + و + یل ۳ لا ول + zay D‏ 


These values were then 6 
on a lerge seale chrometicity 
60 1 a 

- o0 a 
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(D) Method of plotting the MecAdam 
6llirses for eny ehromaticity 
at equal luminences 


(1) Find x aná y of the 
standard. 


(2) Using fhe appropriate 
charte“, read Values of 611 
Bons anê PE ς» 

(3) From tbo following equa- 
tions, computes 


(e) @, the angle the major 
. exis mekes with the 
horinontel 
(b) a the seniemajor axis 


| (e) & the semieminer exis 


£quatione 1 
= 9 pa 
er 06 * Tan"! in. 
611 - Gee 


| (b) a: — — — 
#2 + δες * &g vov 
ma. 


Note: These equations apply oniy to the cese where the 
luminosity or brightness difference beotwean tre 
stendará end the maten ere insignificante This 
kolas for the rosulting ellipsos also. 
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The sesi-miner enc semi-majcr axes, a and b, should 
be multiplied by I teo obtain the axes of en ollipse 
pertaining to a just noticeable difference (jenedesde | 
In finding the angle 28, tt should be remexbered 
thet if £@ = Ten”? A, thon 11 A 1e minus, 
fe 1505 - 28, 
Semple Celeuletion: 

Blue Stenderd, Semple ¿4 

z a „ELEO 

y * 2267 

From Ohnrts: 
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9810 = ου x 10% 
| و و8‎ ® 3S x 104 


4 
| δρο * 88 x 10 
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125 x 10*) - (28 x 10%) 105 


98 8 180° = 58 هم‎ 180° » 32,00 5 146,40 
9 ^ 77,2 , Cot 6 * ¿30192 
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x 一 -一 -一 一 —~ “= * m0 1 党 : 
EAxLO® + (#SSxL0%xCete) 28 + («10,€3) 17,37 


¥ ¿0873 x 10”* 
a s .240 x 1077 e „oo 


ga s 48 

zaxrd = ,01440 aX) e 0078 

bee 175x104 - (-10.00 x 10%) " το 10" « «σος κ 1ο”. 
Ὁ = ¿0264 x 10" ® „000864 

be 8 

fb x $ * ¿001584 bxS * ¿000792 
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VARIANCE JH THE INTEGRATOR 
Deviations from Assumed Keen 





(1=.£170) (x-.2170)% (y-.2290) (y-.£290)% (Y=.0770)(Y=.0770)% 


1 1 1 2 4 2 4 
p 4 16 ο 0 0 0 
5 1 1 6 36 2 4 
4 0 0 10 100 4 16 
5 1 1 3 9 1 1 
6 2 4 16 256 6 56 
7 5 9 b c5 © 4 
8 7 49 6 56 e 4 
9 15 144 5 25 3 9 
10 9 ex 11 121 $ 9 
12 9 81 e 64 2 4 
12 19 361 LE -4£55- 4e 4e 
13 6 56 © 4 -l 1 
14 3 9 3 9 0 0 
15 12 144 8 64 2 4 
16 6 9 5 25 0 0 
17 1 144 11 121 2 4 
18 16 256 1 1 -2 4 
19 £0 400 7 49 2 3 
20 wet 32336 AZ „288 29 „2.00 
ἐπειεκξ 177 £999 191 5462 86 2524 
(£x)? aso 26481 7:96 
Sxhin® 142 1772 126 1238 40 £08 
(εκ) 2040 15876 1600 


- 37 = 








- Difference 
Q Tests N & 20 Qa πα 1 μαι 


Waximum Value #20 34 Qs 14 s εις This exeeeds the 


—€€ ww. ο Iis tho" dba for 

erence e | 
N= 56 δ he value can 

Renge 54 bo به‎ 8 5 

Meximum Value $192 65 | 

Nearest Value 17 Qs 45 » 0 Ditto 

Difference 40 

Range 65 

wie Weiss G6 @. .... .... .. . " 

Nearest Velue 10 -- 一 = 765 Litto 

Difference «6 

Range 46 


mn & QU du ma di des BS ur SFB oe Se we quo ο "e SF SS o Gu (Qu (Qu Se ιν, Ge Ss Be eS Ge EF 


È 2 2 ; 
VERNE AE XR »-. 
quee 4 Sy ef £ 





= / 1 س‎ 56.464 / 65,16 - 44 e/10,94 = وه‎ 4 
* 36. 67 * / 21,16 d ATIS! 


5, * 6,05 By = 4,59 Sy " 2255 
— „0095 20005 





Notes (1) The fourth decimal place is estimated when 
reading the trichremetic coefficients from 
the Antegretor. 

(2) Tho 5561316085 56836 division on our chroma- 
ticity dingrems is 0.0001. 





COLOR MEASUREMENT DATA 
(ICI Method of Specification) 





Illuminant ( 


(A) TRISTIMULUS VALUES 





xX = 073¥ 
qe هه‎ (6 9 
Z = ./ 914 6 
mY + Z = ‚3319 
(B) TRICHROMATIC COEFFICIENTS 
= = X E , 
X Y tZ 
x = Y = ‚2269 
D cm t 
(C) SPECIFICATIONS 
Sample Standard 
(1) Dominant Wave Length 
(2) Purity 
(3) Brightness 
Acceptable Not Acceptable Border Line 


Date 2, 1 Sample Identification Blu (5 
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C. Judging the Semples 
& method similer to that doseribed by Davidsen® 

wes chosen. The semples were marked face end back and 
identified by a small teg on the back, The twenty-five 
semples were offoreá independently to five colorista to 
judge. Esch colcrist fuiged tho semple three times with 
respect to the standerd, They did not know when they were 
getting a semple they hed fudged previcusly. The Cata were 
tabulated as illustrated on page 48, 

| A ohart such as the example tebulation was Grewn 
up for each semple. ith the tabuletion sheets end the 
file of semples before him, the recorder removed the 
Semples frem their envelopes end passed them one at a time 
to the colorist who judged sach one with respect to the 
stenderd in eny menner he saw fit, The recorder tabulated 
each judgment by the colorist by plecing a check mark in 
the appropriate space end returned the sample te its proper 
envelope. “hen all the samples had been judged once, the 
procedure wee repentod e second and third time. The order 
in which the colorist received the smnplesa was randomized 
en each repeat of the routine. Each eclorist took a short 
rest pericd after judging sevorel samples to minimize 


- 46 « 
















۱ س‎ a 
Ub. 8E an am a C -) e. 
o Pc PEZ هه‎ > A 


A u la ١ 
A — + Tu 


— 


--- errr — 5 4 


pe uu = 
س‎ m AP at m c 
O c 9 = -— = 
Dp p mm ' 
Ste اا‎ ee > — í 
Sa a m c -- 9 o t 
AA سر ان‎ AA | 


— —— | 


NEN ug tm mcm cm π 
ا ا‎ en 


3[ ی 
ως νων, cm —‏ 


— - -n " À > — 
اة‎ 























= 
























— — — 


fatigue end eye strain. A longer period of time was taken 
off bhetwoen repeats of the routine, 

The WacBeth lisht with approximate $lluminent 
Q (75000 X) wee used in order thet all judgments would be 
stendardized in this respeot. OC.A.E. and C.L.ä. used the 


light located in the Textile Chemistry and Dyeing Derart- 


ment cf Lowell Textile Instituts, GH., و هلاه‎ and FH. 
used the light located at the Derby Laboratories, 
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METHOD CF TABULATION OF VISUAL DATA 
hxesole Tebulotlon: (one colorist - one sample) 
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Colorist; 


ο: WEYS 


Composite Tally: (all eolorists - one sample) 
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3 BR ws BE w eoted 
4 Std. Std, Lower ease s 6-10 out of 15 | 
5 B à ese Be yw as indiceted 
6 BD Rf s * B R , 6 6 11 or mere out 
Y p B ,s B R و‎ of 15 es & ma 
8 B G VW b OG Y . * 6-10 out cf 15 
ὦ : G Y - 8 V es a match 
| Y y 
و‎ - wv B R w ۸ $ Point falla 
12 B R v B È w αλλο 311ρ8θ 
13 BR W BR y 
14 pa G Y 0 6 W 
15 E NE Βα" 
16 b G Y b à W 
| 17 Ὁ © ¥ — W 
18 DOY b O V 
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£0 b g v. DOE. 
aL B T e 7 B ns Ὁ 
£2 Brse* Ber ο 
| 23 BE R $ Br. 
E Bg V 8 6 W 
25 ظ‎ 6 * B g w 


ον e Hefor to tho composito telly, 
Note = Opposite Judgments aro consiácred as cancelling 
one mnothor, 


Dase: strength و موب‎ 


12 Convert to a 16 basis: — 
15 2? out of 5 * 6 out of 15 
5 $ cut of 5 = 9 out of 15 
3 This semple was thon judged to be a 
3 match in strength O out of 15 times. 
| Totel 573 Its rating ia (.). See legend above, 
Ave, ez 


77-582 

















AND £ ۱ 

Dic Aa) - 

Value Colorists! | 

nt, , Munsell Judgment | 

+0773 + 0086 e 56 “ + O08 | 

. 0858 4.0116 Je 41 ο +. ES — 

. 0758 + . 0016 de 71 B + + . 09 | 

4(Std.).0737 ο 3.18 - - | 

5 «0769 + 82 3.25 B s tag" | 
6 20684 = ۾‎ 0057 2.06 B % - .12 
7 . 0719 +. 0018 Geld B - «04 
8 00814 + 0077 8,54% D + of 
9 0776 + 09 8,86 B +08 
10 «ΟὟ ΤΟ +e 0036 De ZO E 4 «ΟἿ 
| 11 eO" 62 +400£€ ۳۰: B + «05 
| 12 .0756 40 0919 Se Er B 4 004 
12 . 0783 + ه‎ 6 8,27 B +.09 
114 e OBES + . 0128 ¿elo ο + 5 
15 .0262 +5 TI T b tato 
16 «0865 +۰ 8 5.63 b +085 
17 οδός + 5 5.07 ۰ + ون و‎ 

18 .0920 +0 0183 2.54 b +6 | 

19 . 0239 +. 0102 oe. UO B +e sl 

£0 . 0812 +.0081 5.64 b + 416و‎ 
21 0712 =>. Q025 Cele Bh 4 = 0 OS 
ος 20 -,0017 24 B 8 - .04 
£3 27 “e COLO Gels 5 - «02 
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Column (3) is obtained by entering Nickorscn's tables?* with 





the values in Column (1) and interpoleting. 


pa (5) is obteined by subtrecting 2.18 (value cf the | 
standard) from each value in Column (3), 


| Niekoraon says Ol Value step 18 ۵ 0 | 
| Bexley end Newhalll® sey 0.02 is a Jın.ä, et 6 chrome. 
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The preceding chort, Figuro IV, 16 a graphical 
representation of the brichtness valuce as measured by 


the R».S.Po relative to the stenderd, Each numbered ordi- 


nate representa the semple of the cerrospenåing number. 


The height of the ordinete represents the difference of 
thet semple from the stenderd in brightness. It is ê plot 
of the points in celwm (2) on page 56. 

if the peint is circled twice, it means thet the 
ecolorists' judgment agrees with the way it plots, Those 
with e khelf cirele and a lower ease b wore Galled brighter 
in G10 times cut of 15. All points below the horigsontel 
line were celled brighter in 11 or more times out of 15. 
They ere marked with ea ospitel B, The other points sre 
labeled, 











1 0 / 
2 G W G W / 
5 R 8 58 R ۳ 4 
á - هه‎ - > - 
6 Ε Ν 5. R Y / 
6 Β 5 8 R 0 2 
7 R 8 R 0 ) 
8 G ¥ G Y 
9 G W G ۳ / 
10 R Y 0 V 3 
11 R Y R w , 
12 R W 2 κ / 
15 1 Y R ¥ / 
14 G Y G Y / 
15 G ۳ 0 w / 
26 G t G ¥ / 
17 G ۳ G ü / 
18 G Y G W / 
19 G W R Y 
20 G ۳ G 0 
el G ο 59 0 0 
22 0 O 49 R 0 
£6 H ο R ο 
£4 G Y G ü / 
26 G ¥ + 0 * ⸗ 
/ - agrees 


$ - one-half agreement 
* e polnt falls Inside the 
ellipse 


Sixteen out of twenty-four cheek. 


Eight out of twenty-four check one-half. 
Four of the six inside the ellipse check only one-half, 
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The date obtained itn this investigation indicate 
thet this approach to the problem may lead te e satisfac~ 
tory solution, A satisfaetory solution deponós in part 
upon having a large number of chremeticity points located 
in strategio positions. In this respect the Qata presene 
ted leaves something to be desired. it would have been 
better if more than one of the points falling inside tho 
ellipse hed been judged a metch in hue end strength. See 
Results of Visuel Judgments, page 55, and Figure ii. 

Without attempting an explenstion to the con- 
trary it would eprpear that the data prosented would compel 
the investigator te draw the conclusion thet case three 
(see page 20) was the fact. in which event, 1t would be 
necessary to sey that the pereeptibility ellipse should be 
smaller then the MecAdem ellipse. 

However, in reslity ne such cenclusicn cen be 
ram without an attempt to explain matters to the con- 
trary. It is belisved that a plausible ergument can be 
advanced to explain why some points falling inside the 
ellipse were judged to be not a match to the standard, 
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The case fer argument ia based upon other information 
Gerived from the seme data. The information obtained 


independently supports the views of Davidson! 


? 4n parte 
Figure IV, page 57, bring to attention the fect 
that apparently there is little correlation between the 
brightness juéguenta of the colorists and tbo luminance 8 
measured by the spectrophatometer. Six esmples (6, 7, fl, 
22, £3, and 25) were judged by the colorists in eleven or 
more times out of fifteen to be brighter than the standard, 
whereas they were found to be lewer in lweinenece in every 
686589 by rensurement on the aspecirophotemeter, Ten semples 
(5, وگ‎ 8, 9, 10, 11, 1£, 15, 19, and 24) wore Juáged 
brighter in eleven out of fifteen tines and measured 
higher in luminance., Three (15, 16, and 20) were judged 
brighter six to ten times out of fifteen end measured 
iigher in luminance. Eut two (2 end 14) were celled a 
meteh in orightness eleven times out of fifteen and were 
mensured higher in luwminences and three (1, 17, and 18) 
were celled a meteh six to ten times out of fifteen and 
moesured higher in luminence. it 19 also worthy to note 
that the two which were eelled e match in eleven out of 
fifteen times were emong the highest measured vaiues of 


iurinence cf ell the —1 
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This brings te miné the essumption which wes made 

in tha beginning thet there was corroletion between 

strength, hue, and brightness, es e whole, and purity, 

| dominant wave length, end luminance, as a whole. From the 
foregoing, the assumption apparently is not valid. On the 
other hand, there is generel bolief thet the brightness 
enc strength in one syetem end the luminence and purity in 
the other are interreleted, It is cbvicus that they are 

| interrelated mathemetically in the 1.C6,I. system, and 
this rives added streneth to the belief thet they are 
interreleted in the colorists! system. This interrelation- 
ship erparentiy is sufficient to cause the colorist to 
confusa the two, or at least to report one in terme of the 

|^ ether, For exemplo, semplo 725 wes judged (8 ο), brighter 
end weaker, whereas the seme sample was measured lower in 
luminenee end only very elightly weeker, It 1s conceiveble 
thet the colorists noted that the semple was weaker and 

|  weporteü 1t in terma cf brightness, Another exemple, 

sampla j was alse judged (EB w), brighter ené weaker, It 

was measured higher in luminence and even “less weaker" 

than $25. ‘This isa the orposite case from that abeve, The 


brightness being noted, the sccloriste may have reperted 
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this in terms of weakness. A further exemple of this is 
found in the analysis of sample $2, which was judged (EB w), 
brighter end weaker, whereas it was wensured higher in 
luminanee end definitely stronger, In this case it 
appears that the netice of brightnese compelled the 
colorist to call a atrong serpio reek, 

Again in semplo 506, the colorista called it 
(B5), brighter end "stronger-to-a-match", This sample 
was measured lover in ivminenes end strenger, There i5 no 
known reason why the semple wes eelled brighter instead of 
duller, but this preconesived idea ef brichtness wes mani- 
fest in calling a strong semple a metch, 1.0., geing 
towarcs the weak direction, It is possible, however, that 
the reason may be that the colorists tend to judge all 
samples brighter than tho atenderá subconascicusly beceuse 
of the stenderd's being handled more eften than any one 
Semple end heving more chance to become soiled and dulled. 

For want of & bettor reason, the tendency may be 
laid to the ineempetibllity between the peyohclogical 
sensations with peyehophysical meesurements, Until this 
dilemma is resolved, it may offer an explanation for the 


fect thet some of the points inside the ellipse and very 
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close to the standard were judged to be net a match, At 
this point it mey be well te note that a strategie posi- 
tion for a peint wouid be cne in whieh the intarrelation- 
ship between brightness and strength was inoperative, 
This is, of courses, hypotbeticsl, 

These differences, real or Imaginery, must be 
resolved in order to arrive et an acceptable correlation 
between the factors of the tvo systems. It is believed 
that this unfortunete situation w111 not hamper progress 
along these lines, for, recognizing the facts, the pite 
falls of unsouné conclusions or doespelr of success cen be 
avoided. 

There seems to be good sorreletion, as a whole, 
between the judged and measured results regarding hue or 
dominant wave length and strength or purity. 

Data on page to shows the oomperison between tbe 
predietien from the plot nnd the judgments ef the colcr- 
ists, It should be noted thst the egrement ie almost 
entirely confined te those points outside the ellipse. Of 
the points inside the ellipse, there is only one-half 
agreement in four of the six points, Foints 3, 6, و21‎ 0 
22 show et least ene point of disagreements The prediction 
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from the plot wes mace with no reference to the ellipse. 
The referenco was with respect te a line ecnnecting the 
Standerd and illuminant C, as shown in Figure 111, page 45. 
The lines divide the area into sections, weeker tovwerd the 
4lluminent point, stronger in the opposite éirection, 
redder to the right of the atendard, and bluer or greener 
above end to the left of the standard, 

Ag thie was a mere quelitetive preciction as 
Stated above, the egreement falls down in the region where 
quentitetive readings become important. The region where 
quantitative readings become Importent ie taken to be that 
within the confines of the ellipss. It is believed that 
the over-sil correlation is misleading in that one might 
expect the correlation to stand in all regions equally. 
This eppears not to be the case; insateed, those comperi- 
sons where guentitative readings are important should be 
weichted more heavily, cr else » complete new set of data 
should be collected exclusively in the srea whers quanti- 
tative rescings are important, 

To accept tre correlation as a rhele would 
obviate the fundementel concept that we seek the true 


color telerance srecifleetion on the grounds cf 
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perceptibility limits end net aceceptebility limits. It ie 
in the region of cuentitstive readings that the percspti- 
bility limite are involved.  Cuelitetive comparisons may 
be sufficient for eceeptability limite but not for per- 
Ceptivility limita, 

The foregoing argument ie based alsc upon the 
epparent leek of validity of enother basie assumptions 
thet the date presented rerresente a group of semplea 
whose trightness values are aprroximstely equal. it is 
impossible to sey at this time whether or not the essump- 
tion is velic or not, beanuse the literature on the 
(§oned.), just neticssble difforence, brightness step is 
not conclusive, Nickerson!4 bellevos this (§ened.) step 
to be about 0.1 Munsell value step. According to this 
iden, ell the semples are net of approximately equal 
brightness. Note tho dete on page 56 and the column 
called Munsell Renotrtion Values, The range in from 2.06 to 
054, The lest column in this table shots the differonce 
Of orch sample in Munsell Velue Renotation from thet of the 
sterderä, It will be noted, however, that the nix points 
which fall inside the ellipse are within Osl velue step cf 


the standard, execort fe, which is only ون‎ from the 
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standard, It, therefore, seams likely that the pointe ef 
most importance ere within the limits set up by Nickerson 
end can be said to be of equel brightness. Even though the 
reesimier esnnot be seld teo be sf equel brightness, they 
ere so fer off in purity end dominant weve length that they 
era of relatively little importance, es regards the matter 
| at hend, 
&ecording to Bellsmy and Kerra, e (jone) 

| in brightness 19 0402 st © chrome. If this is takon to be 
| the fact, then none of the sumlos le “equal” in bricht“ 
| noes to the standard, even the ones felling within the 
۱ ellinse, but they are very olosa indead (perhaps within 
experimental error), + 0.05, +0407, +020, -0805, -0.06) 
and «0,00, 

The over-all conolusion with regsrá to the above 
is thet even though a1] the sexples ere net of apzroxi-« 


mately equel brightness, the ones cf most importence are 


eloss to "oquel” brightness accorling te Belleny and 
| Newhall, 


| of “equel” brightness according to Niskersen end are very 


| Pegarólng tbe consisteney end eccurasy of the 
| eoloríste, it ig tentatively concludod thet the consi steny 
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within and smong colorists is goed, agreeing with 
Davidson? on this point. Further, it is tentatively con- 
cluded that the over-sll accurseoy of the colorista is gona, 
agreeing with Devidsonió on this point, but thet the 
conclusion is misleading. Pon es stated above, 15 9 
thet quentitative resulte become more Important in the 
eritieal region (within the ellipne), and unless they ere 
weichted more heavily in this region, the stetistical 
enalysis will be cut of balenca, 

If such an cvereall statistiscel analysis must 
be reteined, it is strongly recommended that a system to 
weight the critical results be developed. This appears 
te be the only solution, for we will never be able to 
insert a yardetick into the eye-brain system of the human 
being in order to come up with seme quentitative datas 

A summery of the conclusions Alsenssed ebove 
are shown below in tabular forms 
le If the dete ie teken as it 15, then the NacAdem ۵۵ 

must be made emailer te denote a perceptibility limit. 
Ps Points falling inside ths ellipse and not jucged te be 


e mateh cen be explsined on the resis ef the inter- 


relationship between purity end brightness in the 
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eclorists! system, and the incorpetibility of psycho- 


logical sensations and psychophysical measurenents. 





On the besis of (2), the Ene^dam ellipse as it is, 
should net be rejected es defining the perceptibility 
limits. Eut its acceptance should depend upen posí- 
tive sroof in the affirmative, Kething in this 
| investigation tends to diaspreve it. 
۱ ĉe Consistency of judgment by colorists is accepted, 
| δι Accuracy of judgwent by eoloristse "as ع‎ whole" is 
accepted, 
6, But accuracy of Audement by enloriats in the region 


where quantitative results are important is questioned. 


To Lllustrete this point, it is coneelvable that 

| given a semple heving an appreeisble difference in 

۱ luminenco fron the stenderd, its purity velue could 
| eo be errenged that e colorist wovld eall the sample 
| a match in all throe rospocts--brightness, hue, and 


strength (assuming no change in hue was involved), 


For future work it is recommended thet the 


course, the intelligence on the subject which seems to be 


| 
| general lines of this work be followed, incorpereting, of 
۱ coming cout in the literature at an inerensing rete. 
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| | 
SARFLE COMPOSITION VS. ους COSUDIRATES 
| Blend Chrometieity Erightness 
| ercont —⏑ 
AC Z i ii. 
| 1 1.5 0.0 100.0 0.0 65150 4 . 2875 
| 8 1.5 0.3 80.0 20.0 «169 «θοἙ . 240 
| $ 0.9 0.6 60.0 40.0 .5244 ,2507 .ET27 
SA 5754 4 0 £592 
| 6A" 0.875 0,625 58,2 41.7 „5264 .3778 «2508 
| ΖΒ «5555 58 . 2594 
SB" 0,85 0.65 56.6 490.4 ¿5248 8 «£915 
, 2 ۰5250 „8758 ۰2305 
| 50" 0,80 0.70 52.5 46.7? .5261 3768 © £467 
۱ 4 0.75 0.789 50.0 500 . 5507 . 5209 .£085 
| 5 6 0.9 40,0 60,0 +5314 .2807 8 
5A .22T2 6 . 2596 
۱ SA" 0,50 1.0 $6.0 686,7 οὐδ} ο) 8 s «ABB 
| 58 25408 „8768 ۱ 
. 6B" ۵0 1.10 26,7 Web ¿54312 62 «2474 
δῦ +5426 7 0 £476 
' 80" 0.35 1.15 $9.5 767 5480 48776 «£462? 
¡6 OE 1.5 20,0 80.0 ۰50۵ ۰85616 «9δδδ 
|" 0.0 1.5 0.0 100.0 .850@ 4 02408 
1 
I 
| 
| 
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